While they are among the most ecologically important animals within forest ecosystems, little is known about how bats respond to habitat loss and fragmentation. The threatened lesser short-tailed bat (Mystacina tuberculata), considered to be an obligate deep-forest species, is one of only 2 extant land mammals endemic to New Zealand; it plays a number of important roles within native forests, including pollination and seed dispersal, and rarely occurs in modified forests. We used radiotelemetry to study the movements, roosting behavior, and habitat use of M. tuberculata within a fragmented landscape comprised of 3 main habitat types: open space (harvested forest and pastoral land), native forests, and exotic pine plantations. We found that the bats had smaller home-range areas and travelled shorter nightly distances than populations investigated previously from contiguous native forest. Furthermore, M. tuberculata occupied all 3 habitat types, with native forest being preferred overall. However, individual variation in habitat selection was high, with some bats preferring exotic plantation and open space over native forest. Roosting patterns were similar to those previously observed in contiguous forest; individual bats often switched between communal and solitary roosts. Our findings indicate that M. tuberculata exhibit some degree of behavioral plasticity that allows them to adapt to different landscape mosaics and exploit alternative habitats. To our knowledge, this is the first such documentation of plasticity in habitat use for a bat species believed to be an obligate forest-dweller.
Habitat loss and the subsequent fragmentation that ensues have been shown to contribute significantly to loss of species globally (Ewers and Didham 2006) . Many organisms that rely on unmodified tracts of forests for foraging, reproduction, and/ or shelter risk population declines or extirpation through the removal of forest patches due to the effects of genetic isolation, microclimate change, and decreased availability of resources within patches (Saunders et al. 1991) , as well as increased competition and predation from invasive species (e.g., Robinson and Wilcove 1994; Gibson et al. 2013) . It comes as no surprise therefore that negative effects from fragmentation of important habitats have been reported for all major taxa (for reviews, see Offerman et al. 1995; Turner 1996; Laurance and Bierregaard, Jr. 1997) .
Not all organisms, however, experience negative effects from fragmentation of landscapes due to habitat loss (hereafter simply referred to as "fragmentation"- Offerman et al. 1995; Laurance et al. 2002) . For example, some open-habitat bird (Andren 1992; Stouffer and Bierregaard, Jr. 1995b ) and mammal (Malcolm 1997 ) species directly benefit from fragmentation, and frogs (Tocher et al. 1997 ) and butterflies (Brown, Jr. and Hutchings 1997) can colonize areas that previously were unsuitable. Furthermore, some species are unaffected by moderate changes in habitat composition (e.g., Stouffer and Bierregaard, Jr. 1995a; Pope et al. 2004) , evidently possessing some degree of behavioral or ecomorphological plasticity that allows them to accommodate costs arising from fragmentation.
Bat communities are a major driving force of ecosystem dynamics in both temperate and tropical regions due to their wide range of foraging strategies and abundance of species (Altringham 2011) . Thus, the responses of these communities to perturbations are of considerable interest to conservation management. Bats possess high mobility (which can offset the effects of fragmentation- Offerman et al. 1995 ; but see Harrisson et al. 2013 ), yet they are vulnerable to environmental changes due their slow, "K-selected" life-history strategy (Barclay and Harder 2003) . Research carried out to date examining the responses of bat species to habitat degradation has tended to examine multiple species simultaneously (e.g., Fenton et al. 1992; Estrada et al. 1993; Walsh and Harris 1996a; Schulze et al. 2000; Estrada and Coates-Estrada 2002; Cisneros et al. 2015) . Bats are useful for such community-wide studies because they are readily captured or sampled through the use of automatic acoustic monitors (Lacki et al. 2007 ) and often occur in large numbers of both individuals and species. While community-wide studies facilitate inferences about the effects of habitat fragmentation over large spatiotemporal scales, they may lack sufficient spatial resolution (e.g., home-range area, foraging preferences, etc.) to determine effects on individual species. Few studies on bats have examined the effects of habitat fragmentation in detail (i.e., beyond passive detection) at the species level.
New Zealand presents interesting opportunities for the study of fragmentation effects on bat populations. With just 2 extant species-the long-tailed bat (Chalinolobus tuberculatus) and the lesser short-tailed bat (Mystacina tuberculata), both of which are of conservation concern (O'Donnell et al. 2010)-New Zealand has a low diversity of bats compared to other temperate islands of similar size (e.g., 31 species in Japan- Abe et al. 2008; 17 species in Great Britain-Altringham 2003) . However, M. tuberculata plays an integral role in forest ecosystems that would otherwise be covered by several species due to its diverse and flexible foraging strategies. While C. tuberculatus is a strictly aerial insectivore (O'Donnell 2000) , M. tuberculata is insectivorous, frugivorous, nectivorous, and pollinivorous (Daniel 1976 (Daniel , 1979 Ecroyd 1996; Arkins et al. 1999; Lloyd 2001; Pattemore and Wilcove 2012) , choosing its foraging strategies in response to variation in food availability (Arkins et al. 1999; Cummings et al. 2014) .
The role of native old-growth forests in the survival of M. tuberculata has been demonstrated explicitly (Daniel 1979) , and notable populations have generally been found only in large (> 1,000 ha), undisturbed tracts of indigenous forest (Lloyd 2001) . O'Donnell et al. (2006) demonstrated that > 96% of recorded echolocation calls were within forest interiors in a South Island population. Communal roost trees selected by the species comprise the oldest and largest trees and exclusively occur within forest interiors (Sedgeley 2003 (Sedgeley , 2006 . The mating system of the species also requires native forest, with males occupying and defending clustered solitary roosts from which they sing to females (Daniel 1990; Toth and Parsons 2013) . Male singing roosts have not been found in exotic tree species (C. A. Toth, pers. obs.) . These life-history traits, combined with echolocation call structure and a low wing loading and aspect ratio adapted to slow, highly maneuverable (gleaning) flight (Norberg and Rayner 1987) , suggest M. tuberculata is adapted to living almost wholly within (but not limited to) forest interiors (Webb et al. 1998; Jones et al. 2003) .
Unfortunately, New Zealand has been subject to intensive loss of native forests to forestry and agriculture. During the first 3 quarters of the 20th century, the area covered by agricultural land and exotic tree plantations increased from 35% to 60% (Molloy 1980) , and by 1993, 52% of the land cover of New Zealand had been converted to farmland (Ministry for the Environment 1997). This loss of native forest cover has led to fragmentation of M. tuberculata habitat, yet how its populations continue to survive in and interact with such disturbed landscapes is unknown.
In this study, we use radiotelemetry to describe the home ranges and roosting behavior of adult M. tuberculata within a fragmented landscape. We predicted negative effects of landscape fragmentation to manifest in bats in 2 ways: 1) an increase in home-range size compared to individuals inhabiting contiguous forest if individuals need to range further to locate resources (e.g., Fraser and Stutchbury 2004) and 2) an increased fidelity to roosts if suitable roosting sites are scarce within the forest (e.g., Morrison 1978; ).
Materials and Methods
Study area.-Our study was carried out in the Pikiariki Ecological Area of the Pureora Forest Park (38°26′S, 175°39′E), central North Island, New Zealand, between December and April 2011 -2012 and November and April 2012 -2013 Pikiariki is situated within the 78,000 ha Pureora Forest Park and is comprised of approximately 450 ha of native, mature podocarp-hardwood forests bordered by exotic pine plantations (hereafter referred to as "exotic plantations") and pastoral land (Wallace 2006; Fig. 1A) . Pikiariki was selectively logged until the 1980s creating a mosaic of different habitats within the study region, while the forest is characterized by a low canopy with a dense understory (Wallace 2006) . Pikiariki is separated from the neighboring Waipapa Ecological Area to the north by a band of approximately 2 km of pastoral land and a state highway.
Pikiariki is home to approximately 700 M. tuberculata (Wallace 2006) . At the time of our study, 11 communal roosts had been located within Pikiariki, although only 4 were used by bats during this study (Fig. 1A) .
Radiotelemetry.-We affixed very high-frequency radio transmitters (model BD-2; Holohil Systems, Ontario, Canada) to 25 adult individuals (n = 10 males, n = 15 females) resulting in the successful tracking of 18 bats (n = 9 males, n = 9 females). Unsuccessful tracking attempts were due to transmitter failure (n = 2), moisture damage to transmitters (n = 3), and an inability to find the bats' nightly locations (n = 1 male, n = 1 female). We believe the latter male occupied an area of Pikiariki that was unreachable by foot, while the female may have been travelling to Waipapa, however this is unconfirmed. Although some females were tracked during the birthing period (December -January), only nulliparous females were fitted with transmitters. We captured bats using a combination of mist nets sited along commuting routes and harp traps located at communal roosts and deemed individuals suitable for tracking if the weight of the transmitter (approximately 0.6 g) did not exceed 5% of body weight (mean weight of tracked animals was 13.8 g- Aldridge and Brigham 1988) . We attached transmitters by clipping a small patch of fur between the shoulder blades and affixed with ADOS F2 contact adhesive (CRC Industries, New Zealand). The capture and radiotracking of individuals was approved both by the University of Auckland Animal Ethics Committee and the New Zealand Department of Conservation, and followed the guidelines given by the American Society of Mammalogists (Sikes et al. 2011) .
We released bats on the night of capture but initiated radiotracking the following evening to minimize handling effects (Withey et al. 2001) . A maximum of 2 bats were tracked at any one time (on alternating nights). Tracking was accomplished via synchronized biangulation using 2 separate observers, each equipped with an Australis 26k Scanning Receiver (Titley Scientific, Australia) and a Yagi 3-element antenna. The observers communicated via radio and thus location fixes were synchronized to within a few seconds. For each fix, the observers noted their geographic coordinates (New Zealand Transverse Mercator) using a GPS unit and determined the bearing of strongest signal with a handheld compass (bearings were corrected later for local magnetic declination). Location fixes were taken at a minimum of 1 observation every 10 min, which we deemed an appropriate interval to ensure quasi-independent observations as the bats theoretically could fly across their range in < 10 min (M. tuberculata has been recorded flying at speeds over 44 km/h-Christie 2006). Some location fixes were taken at intervals > 10 min as we were rarely able to track bats as they commuted to/from their day roosts, and sometimes bats would leave an area and were not re-located immediately. We tracked each bat following their emergence from their day roosts in the evening to the resumption of roosting in the morning, unless inclement weather prevented a full night's tracking. We determined the locations of day roosts via a close-approach method: a radio signal was followed until the tree the bat was roosting within could be identified from all directions at the lowest gain setting on the receiver.
We calculated bearing intersections from biangulation using LOAS Radio Telemetry Software 4.0 (Sallee 2004) . Tracking continued for individuals on successive nights until an asymptote was reached in the incremental-area analysis of the . Stars mark the 4 communal roosts known to be used by the population during the course of this study. To the north of Pikiariki is the neighboring Waipapa Ecological Area where some bats were confirmed to visit nightly. B) Location fixes (n = 1,810) for the 18 adult bats tracked during this study. The dashed line represents the smallest rectangle that encompasses all individuals' 100% MCPs and was used to define the study site during habitat selection analyses. C) Individual home ranges as determined by 95% fixed-kernel estimators. D) Individual home-range cores as determined by 50% fixed-kernel estimators. minimum convex polygon (MCP) (Odum and Kuenzler 1955; Harris et al. 1990 ). Prior to analyses, we screened data using a speed filter (set at 6 m/s, resulting in the removal of 19 location fixes) and calculated location errors (mean error = 54.7 m, SE = 19.1 m; see Supporting Information S1).
Home range and movement analyses.-Using the telemetry fixes from each bat, we calculated individual MCPs and fixed-kernel (FK) density estimators with the program Ranges8 (Kenward et al. 2008 ). MCPs were primarily used for comparison of home-range size with previous radiotelemetry studies on M. tuberculata and for habitat selection analyses (see below), while FK density estimators were used as the primary means of home-range calculation (see Worton 1987; Harris et al. 1990; Powell 2000; Börger et al. 2006; Nilsen et al. 2008 ; but also see Boyle et al. 2009 ). To account for potential location outliers, we defined home-range areas by their 95% FK contours (Laver and Kelly 2008) and core areas by 50% FK contours (Laver and Kelly 2008) . For 8 of the bats (4 males and 4 females), the optimal smoothing factor for the FKs was calculated using least-squares cross-validation. For the remaining 10 bats, the smoothing factor could not be optimized and so a multiplier of 1 was used instead (Kenward et al. 2008) .
To quantify movements made by bats, distances between location fixes were calculated using Ranges8. We calculated average distance travelled for each individual by summing nightly interlocation distances and averaging across the number of nights in which tracking data were collected. Furthermore, we divided interlocation distances into 6 distance categories (< 200 m, 200-399 m, 400-599 m, 600-799 m, 800-999 m, and > 1,000 m) and expressed movements as percentages (e.g., 72% of movements were < 200 m, 18% between 200 and 399 m, 2% between 400 and 599 m, etc.). We then pooled percentage data for all individuals and performed pairwise Wilcoxon rank-sum tests using Holm-Bonferroni correction (Holm 1979 ) to compare distance classes.
Habitat types.-For analyses of habitat usage, we divided the Pikiariki study area into 3 broad categories: native forest, exotic plantations (primarily composed of Pinus spp.), and open space (composed of pastoral land and harvested forest). We obtained digital topographical maps (1:50,000 scale-Land Information New Zealand 2009) and imported them into ArcMap 10 (ESRI 2012). As the maps were created in 2009, we applied slight modifications based on personal knowledge of the study site to account for changes that occurred in the intervening time (namely a stand of pine that had been harvested after the map's release).
Second-and 3rd-order habitat selection.-We assessed habitat selection of individuals based on 2nd-and 3rd-order classifications. Second-order habitat selection compares habitats that occur within an individual's home range to the availability of those habitats within the wider landscape (i.e., habitat composition of home ranges), while 3rd-order selection refers to the preference for habitats within an individual's home range and was estimated using telemetry location fixes (Johnson 1980) . We conducted 2nd-and 3rd-order analyses of habitat selection in ArcMap 10 (ESRI 2012) using a Euclidean distance-based analysis (Conner and Plowman 2001; see below) . For these analyses, we used 100% MCPs rather than 95% FKs as FKs are known to underestimate home-range area (Naef-Daenzer 1993; Seaman and Powell 1996) ; we deemed it more appropriate to include potentially unused areas in analyses than to disregard areas known to be used by individuals.
Second-order selection was determined for each bat by generating the smallest rectangle that encompassed all individuals' 100% MCPs and then dispersing 10,000 random points from a uniform distribution within that rectangle. We calculated the average distance of random points that fell within a bat's home range to each habitat type and compared that to the average distance of all random points to each habitat type. Points falling within a habitat received a distance of 0. We then divided the average distance of the subset of points within a bat's MCP by the average distance of the random points resulting in a ratio for each bat in each habitat. A ratio < 1.0 indicates that the habitat was preferred by that individual, while a ratio > 1.0 indicates avoidance (Conner and Plowman 2001) .
For 3rd-order selection, we calculated the mean distance of location fixes to each habitat type for each individual. We then divided this mean distance by the mean distance of random points to each habitat type throughout that individual's home range, which also resulted in a ratio that could be compared to 1.0 (i.e., no preference).
Prior to examining habitat preferences, we tested male and female mean selection ratios for differences using Welch's t-tests (2nd-order selection) and Wilcoxon rank-sum tests (3rd-order selection). We assessed individual preferences for habitats by comparing the mean selection ratios for each habitat type against a ratio of 1.0 using Student's t-tests (2nd-order selection) and Wilcoxon signed-rank tests (3rd-order selection). We also determined relative habitat preferences (i.e., comparing habitat selection ratios to one another directly to determine a relative preference) by comparing mean selection ratios for each habitat using Welch's t-tests (2nd-order selection) and Wilcoxon rank-sum tests (3rd-order selection).
Prior to analyses, we assessed all data for normality via Shapiro-Wilks tests. We conducted all statistical tests with R 3.01 (R Development Core Team 2013).
Results
Home-range and core areas.-Eighteen bats were tracked across 69 bat nights (X = 3.1, SD = 0.8 nights per bat) for a total of 1,810 location fixes (X = 31.1, SD = 19.5 fixes per night per bat; Table 1), ranging over 1236.3 ha (Fig. 1B) . Individual home ranges and home-range cores were extremely variable, ranging from 4.6 to 559.2 ha (X = 91.8, SD = 140.6 ha, n = 18; Fig. 1C ) and 1.3 to 146.9 ha (X = 24.3, SD = 39.8 ha, n = 18; Fig. 1D ), respectively (Table 1) . To ensure that the variability in number of location fixes between individuals did not influence our measures of home-range area, we performed a linear regression on both MCP and 95% FK size against the number of location fixes of each range estimate and found no significant association (MCP: F 1,16 = 0.028, P = 0.87, R 2 = 0.0018; 95%
FK: F 1,16 = 1.12, P = 0.31, R 2 = 0.007; Supporting Information S2). There was no statistically significant difference in the area of home ranges and home-range cores between the sexes (all P values > 0.05), so data were pooled for all subsequent analyses. Approximately 46% of all individual home ranges overlapped with those of others, averaging 7.8% overlap (SD = 18.4%, range: 0-100%), while 13% of home-range cores overlapped, averaging 4.1% overlap (SD = 17.7%, range: 0-100%).
Individuals travelled a mean distance of 7.1 km ± 3.3 SD per night (range: 1.1-14.7 km, n = 69 bat nights). Most movements (i.e., interlocation distances) were < 200 m, and long-distance (> 1 km) movements were more common than intermediate distances (Fig. 2) . One male was found to leave Pikiariki nightly and travel to the neighboring Waipapa Ecological Area, a straightline distance from the nearest communal roost of nearly 5 km.
Roosting behavior.-All individuals used communal roosts and many had solitary day roosts. All roosts used by individuals were located within native forest. Solitary day roosts were used by both sexes but were more common in females (n = 8 females, n = 2 males). Only one individual (discussed below) possessed multiple solitary day roosts, all others used only a single solitary roost. Females that possessed solitary day roosts used them on average 51% of days tracked (range: 40-71%) while the 2 males used solitary roosts on average 25% of days tracked (the remaining days were spent in communal roosts by all individuals). We observed one of these males using 3 separate solitary day roosts, one of which has been identified as a singing roost in the preceding year. We monitored this male's roosting behavior beyond the usual tracking period as it was the 1st male with a singing roost to be tracked. Over 11 consecutive days of monitoring, the male spent 2 days in a communal roost, 2 days in a solitary roost (that did not serve as a singing roost), and 7 consecutive days in the singing roost. A week later, a check of the transmitter revealed this male using a 3rd solitary roost that also was not a singing roost.
Communal and solitary roosts on average were 1891.5 m (range: 107.6-5942.4 m) and 111.7 m (range: 31.5-287.4 m) from the centroids of home-range cores, respectively. These observations exclude data from the male that had multiple solitary roosts, as he spent most nights near a communal roost (107.6 m from the centroid of his home range) over a kilometer away from those roosts.
Habitat selection.-With respect to 2nd-order selection, the bats' home ranges contained a nonrandom assortment of habitat types (F 1,52 = 27.65, P < 0.05), with both native and exotic plantation forests overrepresented relative to their wider availability within the study area, and open space underrepresented ( 3, (B) ). There was no significant difference between the sexes with respect to either 2nd-and 3rd-order selection (all P values > 0.05).
Discussion
Our study has shown that within fragmented landscapes, M. tuberculata occupied both exotic plantations and open space, although they prefer native forest. To our knowledge, our findings represent the first such demonstration of plasticity in patterns of space use in a species believed to be an obligate deep-forest bat. Furthermore, roosting behavior appears to be unaffected in this fragmented landscape, as many individuals possessed multiple roosting sites. An increased fidelity to roosting sites would be expected if the bats experienced negative effects of fragmentation. We suggest that M. tuberculata likely possesses morphological and/or behavioral plasticity that permits it to exploit disturbed habitats. Home ranges and habitat selection.-Distance-based analyses of habitat selection indicate that both native forests and exotic plantations are overrepresented within home ranges compared to their wider availability, while open space is underrepresented. However, for actual habitat use within individual home ranges, native forest was preferred while exotic plantations and open space were neither selected nor avoided, likely because of high individual variation in foraging strategies. While all bats spent some time in native forest (they all roosted within native forest, and many predominantly occupied native forest), some individuals occupied exotic plantations or open space almost exclusively. M. tuberculata previously has been documented within pine plantations through acoustic monitoring (Borkin and Parsons 2010 ), but our current study is the first to confirm extensive occupation of plantations by the species. Likewise, although M. tuberculata has been shown to use coastal forests and forest edges to visit flowering pohutukawa trees (Metrosideros excelsa- Arkins et al. 1999 ), they have not been documented actively travelling outside of forests. Unfortunately, our methods do not allow us to determine how individual M. tuberculata spend their time once they leave their day roost. However, given the extended periods spent within open habitats and exotic plantations by some individuals, it is likely that they are foraging in these areas at least part of the time. This suggests that M. tuberculata is able to exploit alternative habitats for required resources. Table 2 .-Second-order habitat selection (i.e., home-range composition) analyses for Mystacina tuberculata in 3 habitat types in the Pikiariki Ecological Area, New Zealand. A) Mean selection ratios (i.e., mean distance of random locations within home ranges to each habitat type divided by mean distance of random locations throughout study area to each habitat) and t-statistics when compared to a mean ratio of 1.0 (i.e., no preference) and B) significance levels from Welch's t-tests of between-habitat comparisons of mean selection ratios. Native forest * *** Exotic plantation *** *P < 0.05, ***P < 0.001. Table 3 .-Third-order habitat selection (i.e., habitat use) analyses for Mystacina tuberculata in 3 habitat types in the Pikiariki Ecological Area, New Zealand. A) Mean selection ratios (i.e., mean distance of location fixes for each individual to each habitat type divided by mean distance of random locations throughout that individual's home range) and univariate statistics for Wilcoxon rank-sum tests when compared to a mean ratio of 1.0 (i.e., no preference) and B) significance levels from Wilcoxon rank-sum tests of between-habitat comparisons of mean selection ratios. M. tuberculata appear to have employed smaller home-range areas and included different habitats inside home ranges within fragmented forests. While home ranges and home-range cores in this study varied considerably in size, at the individual level, they were all relatively small (range: 5-560 ha) when compared to individuals from a population in contiguous old-growth native forest (i.e., the Eglinton Valley, Fiordland), where mean 100% MCP area has been measured at 3,300 ha (range: 320-6,930 ha-O' Donnell et al. 1999) . Radiotracked individuals within the unmodified 10,000 ha Rangataua Forest, North Island, were observed to range across at least 8,000 ha (based on roosting data), with consecutive day roosts used by some individuals separated by 10 km (B. D. Lloyd, Lloyds Ecological Consulting, September 2014). Individual bats in the Eglinton Valley were estimated to travel on average 18.9 km per night (Christie 2006) compared to just 7.1 km in this study, in which the majority of movements (i.e., distance between consecutive fixes) were under 200 m (although it should be noted that the 2 studies varied in the length of time between location fixes, which can influence distance estimates of movements- Rowcliffe et al. 2012) . It should be noted that although there were considerable differences in the number of location fixes attained for the individuals in this study, we do not believe this has affected our measures of home-range size. Running a linear regression on home-range size (for both 100% MCP and 95% FK) against the number of location fixes for each individual indicates, there is no correlation between these 2 metrics (i.e., increasing the number of location fixes does not lead to a larger home-range size).
Space-use differences between M. tuberculata populations may be a result of the fragmented nature of the study area, constraining individuals to a much smaller patch size within the "hostile matrix" of pastoral land; a habitat that is generally avoided by many species of bats (e.g., Walsh and Harris 1996b; Russ and Montgomery 2002; Gehrt and Chelsvig 2003) . This is unlikely, however, considering that a male in our study was tracked leaving Pikiariki nightly, travelling across pastoral land to do so. Bernard and Fenton (2003) found that savannahs in a naturally fragmented mosaic landscape in Brazil did not inhibit mobility for the majority of species in the local bat community, and M. tuberculata has been observed crossing open grassland in the Eglinton Valley ).
Higher resource availability may permit individuals to occupy smaller home ranges (Mitchell and Powell 2012) . Variance in home-range area has been observed in other bat species due to differences in resource availability both between and within populations. Commuting distances for Jamaican fruit bats (Artibeus jamaicensis) inhabiting an area of low food abundance were found to be more than 13 times larger than those of individuals in an area of high food abundance (Morrison 1978) . Similarly, mean home-range area increased by 5 times for a population of red fruit bats (Stenoderma rufum) in Puerto Rico following Hurricane Hugo, likely caused by decreased fruit availability (Gannon and Willig 1994) .
Increased resource abundance does not explain the shift in habitat use by some individuals in our study, and the relatively small home-range areas we found suggest a behavioral adaptation by M. tuberculata to the fragmented habitat. Our results complement those of a recent study by Ancillotto et al. (2015) on a population of barbastelle bats (Barbastella barbastellus) living in a badlands habitat created through deforestation. Barbastelle bats, thought to be specialists due to their reliance on mature forests for roosting sites, were found roosting within rock crevices and foraging in non-forest habitats. Individuals in the badlands habitat possessed smaller home ranges than those observed for populations inhabiting forested regions, suggesting ecological and behavioral flexibility within the species (Ancillotto et al. 2015) . However, a key difference is that barbastelle bats frequently forage outside of forests (Hillen et al. 2011; Zeale et al. 2012) , whereas M. tuberculata do not. Our results also are similar to those observed in a population of New Zealand long-tailed bats (a species that actively forages at forest edges and over shrubland-O'Donnell 2001) inhabiting a heavily managed plantation forest: home-range areas were smaller following a clear-fell event that removed older stands of trees (Borkin and Parsons 2014) . Greater gliders (Petauroides volans) also have been observed to have reduced home-range areas with decreasing patch size within modified plantation forests in Australia (Pope et al. 2004) , and some primates can reduce home-range area in regions of fragmented habitat apparently without negative consequences (see Offerman et al. 1995) . These findings contrast those reported by Reiter et al. (2012) in 2 populations of lesser horseshoe bats (Rhinolophus hipposideros) in Austria-one occurring in largely contiguous forest and the other in highly fragmented forest. Home range and homerange core areas along with nightly distances travelled were the same between the 2 populations, suggesting an inability for the species to adapt its foraging behavior in degraded landscapes (Reiter et al. 2012) .
Roosting behavior.-Native forest was preferred for both communal and solitary roosting sites by all individuals we tracked. Roosting sites are an essential resource for all bats (Kunz and Lumsden 2003; Barclay and Kurta 2007) and roost availability has been linked with population size in several species (e.g., Humphrey 1975; Brigham et al. 1997; Sedgeley and O'Donnell 1999; Lacki and Schwierjohann 2001; Parsons et al. 2003; Russo et al. 2004) . Likewise, roosts are important for M. tuberculata life history, as solitary day roost sites were used by almost two-thirds of tracked individuals, and all individuals used communal roost trees. Furthermore, solitary day roosts were linked with nightly behavior; roosts were generally located close to the centroids of individuals' home-range cores. Therefore, it is likely that further reductions of native forest (and with these the removal of suitable roost trees) will eventually lead to population decline regardless of any spaceuse adaptations.
Roosting behavior appears to be unaffected in female M. tuberculata despite a decreased amount of native forest, contrary to what has been found for other species inhabiting fragmented landscapes. In a farmland mosaic in Australia, Gould's wattled bats (C. gouldii) and lesser long-eared bats (Nyctophilus geoffroyi) travelled much further from their roosting sites to their foraging areas (up to 12 km) than had been observed for either species previously, and farther than would be expected based on their flight morphology, likely due to limitations in the number of suitable roosts (Lumsden et al. 2002) . A similar pattern was observed for several species in a fragmented landscape in Brazil (Bernard and Fenton 2003) . In our study, we did not observe this pattern for female M. tuberculata, as solitary roost locations were often located within 120 m of the centroids of their home-range cores. Female M. tuberculata also appear to retain the same plasticity of roost use in fragmented forest as seen in contiguous forest (e.g., Sedgeley 2001 Sedgeley , 2003 , with individuals switching between solitary roosts and multiple communal roosts frequently. Roost fidelity is inversely related to roost availability in many species (Lewis 1995) , and thus our results suggest that either roosting sites are not limited within the forest habitat or that M. tuberculata is flexible in its selection of roosts (although these explanations are not mutually exclusive).
Male M. tuberculata displayed an unexpected degree of fidelity to communal roosts. Such fidelity is common in reproductive females, as the thermal benefits of clustering ease the energetic demands of pregnancy, lactation, and pup rearing (Altringham 2011) . Males have no such demands and can roost solitarily. While sex-specific roosting strategies have been observed in several bat species (see Ormsbee et al. 2007; Altringham 2011 ), this has not been observed in populations of M. tuberculata inhabiting contiguous forest (e.g., Lloyd 2001; Sedgeley 2001 Sedgeley , 2003 . Very few studies that examine sex-specific roosting strategies are male-focused and as such it is hard to infer the importance of male roost selection for M. tuberculata, particularly in the context of fragmented versus unfragmented forests.
Future directions.-Bats have been identified as useful environmental indicators due to the large number of ecosystem services they provide and their susceptibility to stressors (Fenton et al. 1992; Jones et al. 2009 ). Our findings suggest that even species that historically have been considered to be sensitive to perturbation actually may be able to tolerate at least some degree of habitat fragmentation. Although the effects of habitat degradation (including fragmentation) remain unknown for many bats species, our study joins a small but growing body of research, suggesting a tolerance to anthropogenic effects for some species (e.g., Law et al. 1999; Russo et al. 2004; Ancillotto et al. 2015) . However, more species-specific studies are required to determine how changing landscapes affect the behavior and population dynamics of bats on regional scales. Such studies will allow development of informed conservation strategies for species under threat from further habitat loss and fragmentation.
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